In the course of an extensive investigation on the absorption spectra of the phthaleins and related compounds,5-10 a number of instances have been found in which Beer's law has failed to hold and in each case it has been possible to ascribe the deviations entirely to the action of hydrolysis or to an analogous process for alcoholic solutions. Inasmuch as the results are of some significance from both a chemical and physical point of view, it appears desirable to describe a few of the typical cases in some detail.
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Beer's law may be stated thus: for a given thickness, the extinction, E, defined as log Io/I, is proportional to the concentration. It is based implicitly on the assumption that no change in the character of the absorbing centers occurs as the result of a variation in the concentration.
Among the chemical factors that may affect this assumption, in that they are functions of the concentration, are association, dissociation, solvation and hydrolysis. It is also necessary to take into account on the physical side, as functions of the concentration, the mutual interaction of the electrostatic fields of the solute molecules, which gives rise to a form of Stark effect, and finally the change in refractive index of the solution. With the exception of hydrolysis, the above factors produce deviations from Beer's law which usually occur in the range of high concentrations and are, moreover, of limited magnitude, in that they become apparent only as relatively small changes in the intensity and position of existent bands.4 On the other hand, hydrolysis occurs at low concentrations and, insofar as it favors the production of new types of absorbing centers, will result in a complete modification of the absorption spectrum. Hydrolysis is a reaction which can be regarded as the reverse of neutralization and is found to occur in solutions of salts, either or both of whose components are derived from weak acids and weak bases. Phenolphthalein and its derivatives are all weak acids which are characterized by the property of changing over to a tautomeric form when liberated from their dibasic salts. It is this property which renders them particularly suited for a spectroscopic study, since the absorption of the lactone form produced in the process of tautomerization is of a totally different type from that shown by the free ion. As salts of this class are largely dissociated in solution, the hydrolysis reaction can be expressed in the following reversible ionic equation:
(B+ + A-) + (H+ + OH-) -(B+ + OH-) + HA. The ions of the weak acid combine with H+ ions resulting from the partial dissociation of the water to form undissociated molecules of the free acid, which in the case of phenolphthalein rearranges to the lactone: Although the above discussion is based on aqueous solutions, it has been found experimentally that a similar course of reactions occurs in alcoholic solutions as well. This is illustrated in figure 1 for a series of alcoholic solutions of phenolphthalein.5 Curve A represents the absorption of the neutral solution, characterized by a pair of bands at 3523 and 3613, while curve C, for a solution containing 232 molecules of potassium hydroxide to each molecule of phenolphthalein, shows the absorption of its colored ion with a strong band in the visual region at 1785 and three more bands in the ultra-violet which are evidently unrelated to the two bands of the neutral solution. Since phenolphthalein is a dibasic acid, the amount of alkali employed represents over one hundred times that necessary for salt formation.
Under these conditions the type of absorption was found to be independent of the concentrations used and hence it may be assumed that hydrolysis had VOiL. 14, 1928 been completely prevented and that curve C truly records the absorption characteristic of the dibasic ion of phenolphthalein. With a ratio of 23 molecules of potassium hydroxide to one of the phthalein, however, the absorption is no longer independent of the concentration, but it will be observed that for each of the three concentrations employed a different curve was obtained-B, B and the parent substance of fluorescein, are typical of these stronger acids. Since resorcinolbenzein is colored in both' the neutral and the alkaline solution, the changes may be readily followed in the visual region of the spectrum, as shown in figure 2, although the corresponding changes in the ultra-violet may not occur simultaneously as it has been found that the sensitivity of the various bands to change is not necessarily equal. This will be clear on examining figure 3 , which presents all of the bands of resorcinol-benzein at the various ratios of alkali used. Curve A, figure 2, exhibits the absorption of the neutral solution, characterized by two bands of nearly equal intensity at frequency numbers 2040 The importance of such typical results as have been presented above for phenolphthalein and resorcinol-benzein lies primarily in the clue they give for the interpretation of spectroscopic data. It has frequently been the practice in the past, when determining the absorption spectra of compounds of the phthalein series, to use solutions of their "neutral" salts, mono-or dibasic as the case *might be. Two reasons may be cited for this practice: the interest in colored solutions from the point of view of the limited chromophore theory and partly the insolubility of the original compound in water. As is now evident, however, such solutions do not yield the true absorption of the ion of the alkali salt but the composite absorption of the ion plus the product of hydrolysis, the neutral compound. The relative prominence of either of these will be determined by the hydrolytic constant of the salt and by the absolute concentration employed. As the first of these factors varies for the different substances, and as previous investigators have frequently used different concentrations for each substance studied, it is difficult to find any sort of coirelation in much of the published data for closely related compounds. The nature of this difficulty is brought out in figure 3 , where the position of the absorption bands in the spectra of neutral and alkaline solutions of resorcinolbenzein, fluorescein and sulfonefluorescein has been indicated by vertical lines. The constitution of these three compounds is identical, except that fluorescein has a carboxyl and sulfonefluorescein a sulfoxyl group in place of an ortho hydrogen atom in the unsubstituted phenyl group of resorcinolbenzein. They are all relatively weak acids, resorcinol-benzein being monobasic, the other two dibasic, but in the order presented they become progressively stronger, so that sulfonefluorescein should be least susceptible to hydrolytic change and this is actually found to be the case. The first horizontal row of figure 3 gives the bands for the neutral alcoholic solutions. Because of differences in internal structure of the free compounds, such as the formation of an inner salt with sulfonefluorescein, there is very little correlation among the three sets of bands, except for the first four bands of resorcinol-benzein and fluorescein. In the presence of one and two molecules of potassium hydroxide, as shown in the second and third rows, respectively, it is evident that there are bands present characteristic of both the free compound and the ion and that no regular relationship between the disappearance of the former and the appearance of the latter exists for the three compounds. However, with the addition of twenty molecules of alkali all of the neutral bands have vanished and the fourth horizontal row exhibits a perfect accord for the positions of the absorption bands due to the ions of these compounds, which is equally well shown by the relative intensities of the bands on the original absorption curves.6'8'9 It is now possible to conclude on the basis of such data that the ions of resorcinol-benzein, fluorescein and sulfonefluorescein have entirely similar structures and that the differences found in the neutral solutions must be ascribed to variations in internal structure.
It is to be expected that this phenomenon of hydrolysis would also appear as a complicating factor in the study of the fluorescence of compounds such as fluorescein, which require the addition of alkali to bring out the maximum luminescence. Since the fluorescent radiation suffers absorption by the solution as it passes through, corrections are necessary in order to obtain the true spectral distribution of the emitted radiation. If the amount of alkali present is small, as would be the case if the commercial disodium salt of fluorescein, uranine, were employed, it is obvious that absorption measurements must be made on the solution actually used for the determination of the luminescence and not on one of a different, perhaps more convenient, concentration. There also exists the possibility, although more experimental data are needed to settle this point, that the fluorescence of the neutral solution has a different spectral distribution from that of the alkaline solution. Under these circumstances, of course, if the conditions are favorable for hydrolysis the observed fluorescence will be a composite of the two forms. In any event, in studying such fluorescent media the safest procedure would be to have a sufficient excess of alkali present so that no question could arise as to hydrolysis entering in, particularly at the low concentrations frequently required for such measurements. The amount necessary in any given case can readily be determined by preliminary observations on the absorption of thebsolution at several concentrations, as outlined above. 
